Abstract. The gases of nitrogen, oxygen, argon and carbon dioxide were employed as coolant and lubricant in metal cutting. Therefore, the smaller kinetic diameter of gas, leads to the lower cutting forces and deformation coefficient. A conical capillary model is proposed, based on the experimental results and the theory analysis of stress distributions at the tool-chip interface, and the kinetics differential equation of gas flow is solute. The velocity and flux of gas molecule is presented. In the capillary, the adsorption of tool-chip interface results in boundary lubricating film; the conical shape of capillary limits the depth of coolant and lubricant penetrating; and the negative press is the motivity for coolant and lubricant penetrating. The study results show the molecule size of the coolant and lubricant could effect on its performances, and the coolant and lubricant with a relatively small molecule may have the particularly effective nature, in metal cutting.
Introduction
In metal cutting, coolant and lubrication is usually applied to reduce the cutting force and the cutting temperature. To their action process and mechanism, it has been only given some qualitative analyses at many situations until now. Generally, capillarity is used to explain the penetrating process of coolant and lubrication. There are lots of microcosmic apertures at the cutting zone and coolant and lubrication can penetrate these apertures, and then form boundary layer rapidly during metal cutting. Correspondingly, these microcosmic apertures are described as capillaries with a given geometry entity. And several researchers have also indicated that lubricating action occurred mainly by penetration of a surrounding material through capillaries existing between the tool and the proceed material. Merchant reported that microcosmic apertures could be observed with microscope, and the radius of capillary was about 2×10 -7 m [1] . Williams proposed that the capillary could be assumed as a cuboid with the dimensions of l×ma×a, and molecular size and vapor pressure played an important part in molecular transport in the tool-chip interface [2, 3] . Godlevski presented a cylindrical capillarity model with the size of l×r, and analyzed the process of cutting lubricant filling capillarity [4, 5] . The authors, based on Godlevski's capillarity model, examined the different process of coolant and lubricant accessing capillary as vapor phase and liquid phase [6] . However, more experimental and theoretical studies need to be devoted to discussing the lubricating process and mechanism on the viewpoint of capillary theory. In this paper, a new capillary model is proposed, based on the experimental results. This model, to some extent, can explain that lubricating action is effected by the molecule size of coolant and lubrication.
Experimental study
Experiments were carried out on a general lathe CA6140, powered by a 7.5kw electric motor giving a speed range of 10~1400 rev/min and a feed range of 0.014~3.16 mm/rev. The materials used were medium carbon steel 45 (C 0.44%, Si 0.21%, Mn 0.62%, P 0.02%, S 0.025%, Cr 0.01%, Cu 0.01%, and σ b 590MPa, δ 7.5%,) with the size of φ125mm×650mm. The cutting tools were YT15
International Conference on Manufacturing Science and Engineering (ICMSE 2015) (P10 grade) uncoated inserts. A number of angles for tool geometry were
o . The used cutting speed was 100m/min and kept constant for all experiments. The applied depths of cutting were 1, 1.5, 2, 2.5 and 3mm with the feed at 0.15mm/rev, then the feeds were selected 0.1, 0.15, 0.2 and 0.3 mm/rev with the depth of cutting at 2mm.
The gases of nitrogen, oxygen, argon and carbon dioxide were employed as coolant and lubricant in cutting. The gas tubes were standard types with suitable pressure regulators for each gas. The plastic pipe with an outer diameter of 12mm and inner diameter of 10mm with 3m length was used to connect regulators and nozzle. 2mm
The nozzle and the cooling distance were the same as those of water vapor used in cutting. These gases temperatures were 20±2˚C and the pressures and the fluxes in the pipe were 0.2MPa and 45L/min.
Under the dry cutting and gases applications conditions, the main cutting force was measured by Vertical Parallel Octagon resistance strain turning dynamometer, and the chip thicknesses were obtained by using tool microscope n and then deformation coefficients could be calculated.
Experimental results
The cutting forces were obtained separately for dry machining and forth kinds of gases applications and presented in Fig.1 . Fig.1 Cutting forces Dry cutting gave the highest cutting forces, which indicated that all the gases functioned as coolant and lubrication in metal cutting. Among the gas applications, nitrogen produced the highest f (mm/rev) a p (mm)
cutting forces. Oxygen used gave higher ones than did argon used. And carbon dioxide produced the lowest ones. The low cutting forces indicate that coolant and lubricant can reach the tool-chip interface, form the lubricating film and reduce the friction between the tool and chip. In O.Çakır's study [7] , nitrogen, oxygen and carbon dioxide were applied, and the similar results were obtained.
In the above-mentioned experimental results and theory analysis, it can be assumed that each capillary meets the normal and shear stress distribution in the sliding zone, and has a conical form with dimensions r and l (see fig.2 ).
Kinetics study
In the conical capillary，the coolant and lubricant flow can be presented in the fig.3 , where x,φ ,z denote the radial, azimuthal, and axial coordinates and x u , φ u , z u denote the velocity components in the respective directions. In the cylindrical coordinate system, for incompressible flow the Navier-Stokes equation is as follow [11] :
The flow of coolant and lubricant is affected by the boundary layer action, due to the adsorption of the tool-chip interface, and the viscosity will be ( ) Where μ 0 is general viscosity, and can be neglected in the capillary, Δμ is the viscosity increment from the adsorption of tool-chip interface. According to derivation, we can obtain dz dp l
When z=l in equation (10) and (12), we get u=0, Q=0. It indicates that at the end of capillary, all the gas molecules are adsorbed. And the minus of equation (4) suggests that the direction of pressure rising is opposite with that of gas molecule moving in the capillary.
Conclusions
(1) As the gases of nitrogen, oxygen, argon and carbon dioxide applied in metal cutting experiments, the smaller kinetic diameter of gas, the lower main cutting force and deformation coefficient can be obtained.
(2) Combined the stress distribution on the tool-chip interface, a conical capillary model is proposed based on the prevenient research and experimental results. (3) According to theory analysis results, after gas lubricant come into in the conical capillary, the velocity and flux all decrease from the open end to the close end, due to the action of adsorption and the effect of boundary layer.
